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SOME PRINCIPLES OF CORRECTION TABLES :
T0 BE USED FOR EVALUATION OF THE = . ' = .-
RATE OF INPORMATION PROCESSING{

/Following is the translation of an‘articlef% "‘
| by\“. A. Genkin, V. I. liedvedev,and Ii. P,,:::;:,

Shekf Military Meaical Order of Lemin .

Academy imeni S. M. Kirov, Leningrad, in . .

the Russian-language periodical Voprosy
psikhologii ( Problems in Psychology),
No 1, Jan/Feb 1963, Moscow, pages 104-109.7

Among the methods elaborated in experimental

- physiology and psychology for the quantitative examin;ﬂ

ation of attention, discrimination, perception and the
like, wide use is made of various sorts of correction
tables which are
the svate of such neural processes as excitation,
internal and externel inhibition, etc. The seductive
aspects of these methods are their simplicity, the ease

with which the data obtained can be processed and their

d in an attempt to obtain data on
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applicability in any conditions, even those of the most
complex experiment.
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L. INTRODUCTION

Variations in patient temperature, pulse, respiration, and blood pressure have
castomarily been used as clinical indicators of physiological change. It was
natural that these same variables would be applied to the assessment of an
astronaut's condition during hypersonic flight. But the restrictions on instrument
size, weinht, and encumberance imposed by the aerospace situation have greatly
complicated the measurement of these old variables in their new environment.
Since physiological monitoring has been important to initial space exploration,
and since the physiological information imparted increases with the accuracy of
the measuremoent used, much effort has been directed toward the devclopment

of bivinstrumentation for {light applications. Technological advance in medical
electronics has produced systems that permit continuous and simultaneous
measurement of many biological signals in the aerospace sitnation. For example,
miniature temperature {ransducers are available which permit convenient record-
ings of that variable. However, it has generally been difficult, and sometimes
even impossible, to obtain respiration data, particularly respiratory volume, on
individuals engaged in flizht operations. Many devices have been developed to
fecilitate this measurement and all have had some disadvantages, Chest straps
which measure strain bind the wearer sufficicently to promotc vertical displace-
ment of the lungs, and hence interfere with data accuracy. In addition, they are
uncomfortahble. Thermistors in the nagal passages have heen used, but are
cenerally inaccurate, especially if oral breathing occurs. If the subject wears

a tight fitting mask it i3 possible to obtain quantitative volumetric and rate data.
However, the mask is preclunded as a practical solution if long duration monitor-
inz is desired. The development of a2 device capable of accurately measuring
rcspiratory variables in a quantitative, convenient, and non-encumbering manner
during flight wonld, therefore, be a valvable contribution to the progress of bio-
astronautics,

For a number of vears it has been known that a detectable impedance chanre
occurs across the chest during the respiratory cycle., The impoedance change
butween two applied electrodes can be measured with an alternating current
irnnedance bridge. The total change observed is composed of a resistive
component, and a reactive component contributed by the effective capacitance
of the body volume. Impedance measurement is affected by clectrode size and
placement, frequency of the applied sipgnal, and the build of the test subject,
among other factors. Recently, interest has been aroused in the impedance
mcasurement as a source of respiratory information., Several research groups
have published on the subject during the past few years (See Appendix C,
Bikliography).

In 1961, Spacelabs instituted an independent research and development program
directed toward the design and fabrication of an impedance pneumograph suitable
for in-flight applications. Two different designs were evolved. They were
evaluated in a series of tests., The conclusion reached was that the impedance
pneumograph technique was promising but that certain limitations had yet to be

- overcome. The observed shortcomings related to the ability of the technique
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to provide true volumetric data. Measurement errors emanated from the
following sources:

{(n Changes in electrode resistance, which caused baseline
shifts.
{2) Physical activity {(such as raising the arms over the head)

which produced movement artifacts.

{3) Individual variability between test subjects, which made
calibration difficult,

Further work appecared necessary before the variables of impedance pneumo-
sraph measurement were understood well enough to permit the specification of
an optimum measuring device and technique.

The present development program was undertaken to provide the necessary
information, and to apply it to an improved impedance pneumograpu. The
program consisted of a study phase and a design phase, and culminated in

2 set of recommendations for optimum electrode positioning and electrode
construction, and in the production of two flight-packaged pneumograph units,
Both the study and design phases are described in the following report.

N

EXPERIMENTAL INVESTIGATION OF IMPEDANCE PNEUMOGRAPH
MEASUREMENT

2.1  Rationale and Objectives

The trans~thoracic impedance chanpge, AZ, is 2 complex variable
dependent on frequency, current, electrode configuration and contact,
and in addition on the fundamental biophiysical properties of the body.
Accordingly, the exact nature of the chanfe has been difficult to define.
The present study program was desgigned, in cognizznce of investigations
in progress at other research centers, as a means of contributing to the
theoretical understanding of the impedance phenomenon.

i.e., the impedance change AZ has a resistive component, AR, and a
reactive component, AX , caused by the body capacitance. It has becn
suggested that these components react differently to respiratory actions
and to artifact-producing body movements. A basic objective of the

cl-
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investigation was, therefore, to separate those components for
individual examination. In addition, we were interested in determining:

(n The anatomical source of the impedance change.

(2) The optimum eclectrode location for quantitative
measurements.

{3) The best size 2nd shape of clectrodes to use.

(4) Which impedance component follows respiration

more accurately.
{5) Methods for eliminating motion artifact.

(6) The volumetric correlation between measurements
taken with the pnecumograph and a servo spirometer,.

(7) Signal changes resulting from long duration measure-
ments.
(8) What other bioclectric variables may be simultaneously

obtained using the same set of electrodes.

The direct application of the information gained was the design of an

improved impedance pneumograph, and the specifications of an optimum
measurement technique.

2.2 AEBaraius

A specialized test instrumentation system was designed and constructed
to permit the continuous recording of cach of the three impedance
variakbles: AZ, [_\Xc, and AR. This system is shown schcmatically in
Figure 1, ’

The signal from a 50 kc oscillator was arranged to drive a circuit which
provided a constant current to the clectrode impedance. The voltage
change across the electrodes was amplified, and fcd to either a full-wave
rectifier or a specially designed phase detector unit. The voltage output
from the rcctificr circuit was proportional to AZ, that leaving the phasc
dctector was proportional to either &R or AX . Sclection of a particular
component was accomplished by using the original oscillator signal,
cither in-phasc or shifted 90° as a reference signal to the phase detector.
If an in-phase reference was used, the detector yiclded the in-phase
component of the impedance change; that is, AR. If a ghifted reference
was uscd, the detector yieclded the imaginary component; that is, AX . Usec
of a constant current supply to the impedance electrodes eliminated the
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need for balance adjustments, and cnsurcd that a change in body
reactance would not appreciably affect the phase of the oscillator
voltage. The system was desianed to provide only onec voltage
output; so that sequential recordings of the three variables could be
made. Tests showed that the equiprment provided a good separation
between resistive and reactive changes of impedance. {The complete
circuit diagram of this system is found in Appendix A.)

A servo spirometer manufactured by Med-Science Electronics, Inc.
(Model 250) was the other major piece of test equipment. It provided

a comparison standard for the impedance pneumnograph measurements.
A conventional complement of oscilloscopes, rccorders, etc.,
constituted the supplementary test cquipment. In addition, a standard
tilt~table was used to produce variations in subject orientation for some
of the tests.

2.3 Electrode Placement

The body was mapped to determine the optimum electrode sites for
impedance pneumograph measurement, Figure 2 illustrates the site
locations examined; the sites shown shaded represent impedance
measurements taken through the chest (that is, from front to back).
Prior to measurcment, commercial clectrode paste was rubbed on
the skin, and 5/8" diameter gold-plated disc electrodes were taped
into place. Electrode impedance was found to range between 250 and
380 ohms at 50 ke, Recordings were made showing chanpges in total
impedance, and in the resistive and capacitive components. For
comparative purposes the respiratory wave form was recordced with
a servo spirometer.

Initially, complete tests were conducted on two subjects in ordcr to
compare the amplitude of artifacts generated by extrancous movement
to the amplitude of the normal respiratory curve. Artifact deflections
were recorded during the following activities:

{1 Raising arms over hecad at the side.

(2) Raising arms over hcad in front.

(3) Walking up two steps.

(4) Push-ups.

{5) Rotation on tilt-table through a 180° arc starting

in the verticzal position,
Figurc 3 prcsents typical records obtained on one subject during normal

rcespiration, and while he was sustaining an inhalation and raising his arms
over his head in front of his body. Three arm movements are shown on
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I
T

4

-

i



each record. Howcver, as prcviously explained, the recordings weare
not taken simultaneously and thus represent successive runs.

After the initial tests, five different subjects were instrumented at
those sites which provided the strongest signal output. From these
additional runs, it was found that:

(1) Location of the clectrodes on the extremities
proved unsatisfactory for measuring respiration.

(2) Sensitivity was greater at locations 1 and 5
than at 4, 6, 7, 10, and 12,

(3) No respiratory signal was detected at position 7.
{4) Positions 2, 3, 8, and 9 provided good respiration
signals altahoupgh the sensitivity was less than at
1 or 5.

It was cobserved that with some subjects the impedance changes measurad
at locations 1, 5, 11, or 13 did not maintain a consistent rclation to the
respiratory events. This phenomenon is illustrated in Figure 4. As
scen the AZ trace moves upward as the spiromceter trace moves upward
and fallg as the spirometer trace falls, But ns the spirometer trace
reaches its minimum position, A7 reverses, and bricfly rmnoves vpward
again., Figure 5 shows how this change in direction corrected itself as
the subject was moved to a horizontal position on the tilt-table, With

the tilt-table at 45°, the reversgal phenomenon is still present; at 90°,

it has disappeared,

These observations seemed to indicate thiat the impedance measurement
was materially affected by the changing position of the viscera during
respiration.

In view of the electrode sites involved, it appeared that the liver was a
major contribution, To test this hypothesis, electrodes were placed at
the ninth rib on the right side, and at the sixth rib on the right side, and
rib on the left side, so as to include the top of the liver in the
line between them. The liver is a high-density mass, and accordingly
should present a low immpedance pathway., It was reasoncd that if a subject
held his breath and raised his arms, the resulting upward movement of
the liver should lower the measurcd impedance between the selected
electrode sites.

- tho aderth
at the sixth

Figurc 6 reproduces a record bearing out this supposition. The second
arm raising episode, with the arms raised in front of the body, gives a
clearer indication of the results. As the arms are raised three times,
three definite drops in impedance occur. The same data was obtained
for all five subjects, but the clcctrode placement was different for each,
indicating that liver position differs somewhat among individuals,

-
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It was concluded from these tests that movement artifact could be
reduced if the impedance electrodes included a substantial chest
volume, but were across the top of the liver. Sevcral such clectrode
positions Were exarnined. The location which produccd the most

stable and repcatable signals utilized one electrode in the middle of

the back at the second lumbar vertcbrae and the bther on the right side
at the mid-auxillary line between the scventh and cighth ribs. The
exact position of the latter clectrode had to be varicd with the individual
and the relative position of the liver. Figure 7 shows a typical recording
using this clectrode placement. As scen, the respiratory movements
are clearly defined, but thc deflections due to arm movement are quite
small. Thus, it appeared that electrode placement across the top of the
liver offered a better measurcment approach than placing the clcetrodes
directly opposite cach other on the chest,

e

2.4 Elcectrode Design

The following types of electrodcs were procured or fab ricated, and
were tested to determine the one most suitable for long-duration
impedance monitoring:

(l)v Gold-plated disc - 5/8' diameter.

(125 Stainless steel screen - 5/8" diameter.
{3) Silver-silver chloride - 5/8" diameter.
(4;' Silver-silver chloride - 3/8" diameter.
(,5) Silver - 5/8" diameter.

(65 Silvér with sponge insert - 5/8' diameter.

The silver electrode with a sponge insert pfoducad the best results.
Figurc 8 illustrates the construction of this electrode.
The electrode shell was

- annee

preparcd from silastic rubber; the attached
Stomascal ring provided adhesion to the skin, An open-cell plastic
sponge with a center hole was cut to fit the well in the electrode shell,
The sponge was moistened in water, squcezed out, and then placed
moist into a container of Burdick Electrodc Paste. It absorbed
sufficient paste to ensure good conduction. When the electrode was
applied to the skin, the hole in the sponge prevented excess paste

from being squeezed out under the lip of the electrode shell. Test
results indicated that a silver-silver chloride base offered no advantage
over pure silver in this configuration. Similarly, changes in clectrode
sizec had a negligible effect aside from influencing the convenience of
application.




2.5 Impedance Components

Further investigations of the impedance components during respiration

and body movements were undcrtaken on five subjects, using the

preferred electrodes and clectrode position. Figure 9 presents records
obtained while the subject raised his arms over his head. It may be
observed that £R increases as the arms are raised, while AX decrcases.
The effect on AZ is indeterminant here. Much the same resull is also

scen in the records of Figure 10. Figure 10 shows that the typically

larger magnitude of the AR trace is clear. The AZ tracc is clear. The

L7 trace responds much less to the artifact-producing motion, particularly
during the sustained inhalation.

It was concluded from the tests conducted that the impedance changes
obsecrved were a combination of two componcnts. While AZ was generally
somewhat smaller in amplitude than the resistive component, it appeared
to be less subject to movement artifact. It was, thercfore, decided that
47 should be used as an indicater of respiration., Figurce 11 illustrates
the good correlation between respiration recorded with the impedance
pncumograph and respiration simultaneously recorded with the servo
spirometer. It is interesting to note that the impedance measurement
has a significantly shorter response time.

2.6 Long Duration Monitoring

The sponge clectrodes were worn for 24 hours by a test subject.
Electrode impedance at the start of the test was 320 t-—3(;° ohms. At
the end of the test, it had chanred to 350 l ~31° ohms., The impedance
pneumograph record obtained after 24 hours appcarcd quite normal.

2.7 Conclusions

The conclusions derived from the experimental study are surmmarized
below.

(1) The impedance change associated with the respivatory
cycle is caused mainly by the shifting of the viscera.
Since the liver is the largest and denscst homogenaous
body subject to these movements, it is responsible for
the major portion of the impedance change.

(2) Artifact duc to movement of the subject can be minimized
by careful placement of the electrodes with respect to
the liver.

{(3) The sponge insert silver disc electrodes offer some
definite advantages for impedance measurement. They
produce minimal movement artifact, and exhibit
excellent stability over periods up to 24 hours,

-7~



(4) Impedance (47) is less susceptable to motion
artifact than cithiecr AR or AX and is, thercfore,
most casily calibrated for volumetric determinations.

(5) Because the best clectrode position for impedance
measurement is across the liver, it is not practical
to take ECG with the same set of clecetrodes. However,
if respiration rate only is desired, it would be possible
to place the electrodes across the chest to obtain the
ECG with the samc set of clectrodes,

{6) Althoupgh reasonablc volumectric correlations between
the impedance measurement and the servo gpirometer
could be obtained under good recording conditions, at
the present time it anpears that for long term monitoring
of active subjects, the impedance pncumograph is lirmited
to prowviding respiratory rate information and a fairly
stable waveform representative of the respiratory profile,

DESIGN OF IMPROVED IMPEDANCE PNEUMOGRAPH SIGNAL CONDITIONER

3.1 Introduction

The results of the study program formcd the basis for the design of an
improved impedance prneumograph. Factors which influcneed the desipn,

- but were not part of the study propram, were paramecters such as supply

voltages, method used to couple the respiration system to the recorder
(2. c. coupled or d.c. couplcd) and various other detailed requirements
which are coverecd in Section 3. 2 of the Performance Specification. Much
additional information rclative to optimum operating frequency, etc., can
be obtained in the publisiied articles of other experimentors (refercnce
Appendix C, Bibliography).

Earlier sections of this report pointced out that movement of the viscera
was one of the primary causes of the impedance change which occurs
during respiration. It has becen observed that the movement of the viscoera
appears to have hysteresis; i.¢., the viscera does not always return to
the same position after body movement ns it had hefore the moverment
startcd. This hysteresis results in a finite change in the basic impedance,
Other factors which cause channes in the basic impedance arc electrode
movement with respect to the skin, the length of time the electrodes have
bcen applied, the environmental temperature surrounding the test subject,
and posture, It is easy to demongtrate that gross changes in bascline
impedance result from changes in posture of the test subject. This change
of impcdance can be related directly to chanpes in the position of the
viscera. As an illustration, if the test subject's basic impedance is
measured while sitting in a chair with back straight and hands folded in

lap it might typically be approximately 350 obims at an angle of -30°, The
AZ corresponding to shallow breathing could easily range from 0.1 to 1

ohm and the AZ resulting from maximum air exchange could vary between

1 and 15 ohms depending upon the physical size of the test subject. However,



in a slouched position the basic impedance could easily change from
350 ohms while sitting upright to approximately 300 ochms in the
slouched position with the AZ reduced correspondingly as a result of
change in posture. Similar results can be obtained with the test
subject strapped to a tilt-table where the force of gravity acts upon
the mass of thc viscera. However, under space environment, the
posture of the astronaut would be one of the primary factors contribut-
ing to basic impedance changes since in the ""zero g'' environment
there would be no relative change in the position of the viscera other
than that caused by muscular contraction.

The ability to obtain good respiration data using the impedance pncumo-
graph technique is dependent upon many factors, of which the greater
share cannot be improved by clectronic design. A few cxamples are

the selection of electrodes, adcquate skin preparation prior to clectrode
application, the choice of electrode position, and assurance that a tight
bond is obtained between the clectrode holder and the body and evaporation
or absorption of the electrolyte.

It has been observed that if the electrode diameter is in excess of 3/3 .
of an inch, the basic impedance does not vary appreciably betwecn
different types of electrodes. Basic impedance has becn fcund to be
rclated to the physical build of the subject. This impedance changes as
a function of respiration and is directly related to the volume of the
thoracic cavity., Stocky subjects tend to have relatively smaller changes
in AZ for equivalent respiration than slender subjects, Tests clearly
indicate that the basic impedance increases as the arca of the electrode
is reduced. This increase in basic impedance is accompanizd by a

reduction in the magnitude of the impedance change for a given volume
of air exchanged.

Due to the nature of the measurement, the design of an improved
impedance pneumograph signal conditioner mnust be based upon a
compromise of conflicting requiremcnts and should be capable of
reasonable performance regardless whether the design parameter is
physical, anatomical, or eclectronic in nature. The two pneumograph
signcl conditioners delivercd should prove to be very useful in obtaining
respiratory data under many conditions of non-optimum environment.
The basis for the design of these units was established by the require-
ments of a performance specification,

3.2 Performance Spccification

Following the conclusion of the test program, a preliminary specification
for the pneumograph signal conditioner was prepared and reviewed with
NASA's technical personnel. As a result of these discussions, the
following specification was adopted.




3.2.1 Scoge

This specification defines the requirements for a signal
conditioner amplificr to operate in conjunction with suitably
placed electrodes as an impcdance pneumograph.

3.2.2 Requirements

3.2.2.1 Input Impedance: 10 k ohms min. at 50 ke
1 M ohm min. at 0-100 cps

3.2.2.2 Electrode Excitation: 50 ke + 5 ke {(nominal
35 mv across 286 -j 110 ohms)

3.2.2.3 Output Impedance: 1000 ohms maximum
3.2.2.4 Transfer Characteristics:

A mode switch and gain adjustment shall provide the
following:

8) Direct coupled mode:

%; : -é- volt/ohm min.

1
T wvolt/ohm max.

where 0 < Eo <5 VDC
b) A.C. coupled mode:
Zero signal output voltage: +2.5 VDC +5%

AFo 1 ; .
A : = volt/ohm min.
1
-5 volt/ohm max.

for Eo = Z.Si 2.5v

AZ = i 15 ohms max.

3.2,2.5 Frequency Response

a) Direct coupled mode:
d.c. to 10 cps (-3 db at 10 cps)

-~10-



b) A.C. coupled mode:
0.032 cps to 10 cps (-3 db at 0,032 cps and 10 cps)

3.2.2.6 Linearity
+ 5% of maximum output

3.2.2.7 Zero sct adjustment (direct coupled mode):

2.5 VDC for electrode impedances of 280 to 320 ohms.

3.2.2.8 Temperature Range (operating):

D.C. Mode: 50°F to 100°F
A.C. Mode: 32°F to 130°F

3.2.2.9 Drift (operating temperature range):

D.C. Mode: + 0. 6 v maximum
A.C. Mode: F 0.1 v maximum

3.2.2.10 Gain Stability (A.C. or D, C. Mode):

H0°F to 100°F: + 5%
32°F to 130°F: };‘ 10%

3.2.2.11 Power

+28+ 2.8 VDC @ 50 ma maximum

3.2.2.12 Size

4.5 cubic inches
9/16x 2-1/8 x 3-3/4 inches

3,.2.2.13 Connector

Cannon MD-1-9SL2 (Mating Conncctor: Cannon
MD-1-9PL.2)

-11-
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3.3 Design

The performance specification of Section 3. 2 provides a basis for the
design of an impedance pneumograph signal conditioner. A requnirement
of the performance specification which was very difficult to provide was
the capability of either a.c. or d.c. mode of operation. A.C. operation
is obtained by capacitive coupling the detected carrier signal to the input
of a d.c. amplifier which is the last stape in the unit. This mode of
opcration is conventional and dees not present any difficulty. The d.c.
mode, however, is not as easily oblainavle in a unit which has the same
order of output stability as that produced in the a.c., mode. The design
problems associated with d. c. mode of opcration is discussed below.

An impedance pneumograph is o device which measures the change in
thoracic impedance (AZ) during respiration and produces an electrical
output signal which is proportional to this change. The conventional
method of producing an output si7nal proportional to the chonge in
thoracic impedance is by exciting the pneurnograph electrodes with a
fairly high frequency (50 kc) constant currcent generator and detecting
the resulting modulated carrier signal generated by the change in
impedance across the electrodes. (Carc must be taken to ensure that
the voltage applied across the thoracic cavity does not exceed a safe
maximum (0.5 volt peak-to-pecak) to preclude the causing of cardiac
fibrillation. An cstablished safc opcrating voltage is approximately
100 mv pcak-to~peak across 350 ohms resistance. At this excitation
level, as the electrode impedance rises toward the design limit of
600 ohms, the electrode voltage remains at 2 safe level.) The
electrode voltage is then amplificd and peak-detected where the
modulation component is separated from the carrier signal. If the
electrode signal is assumed to be 100 mv pecak-to-peak across 350
ohms in the absence of respiration, the electrode current is:

-3
ic = }_@.33‘;.0}.9__ = 0,286 ma peak-to-peak

&4

e
=2
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lifier gain can be calculated for the largest electrode
1

which corrcsponds to the maximum output signa

= prLilE Sl il Al i

(kl)(kz) eg’, AZ max = 15 ohm

B i, 2y e, max 5vp-p

k1 2 {conversion from peak-to-peak-to~peak)

k, = 2 {design factor for summing network)

Therefore,

A = 2 = 4.66x 10
15(0.286 x 10 7)
A,r = total pneumograph gain
-12-
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his carrier amplifier gain (A’) can be determined if the d. ¢. eain
is established (Adc ~ 40).

Al = AGCO

The detector transformer has a step-up ratio of 1:3, therefore, the gain
of the carricr amplifier must be:

~

I X T
AC; i 35.7

With the pneumograph gain scaled as shown above, a 15 ohm change

in electrode impedance (AZ = 1%) will produce a 5 volt peak-to-peak
output signal. If the total gain preccded tiwe detecter, the rectified
carrier signal in the absence of ruespiration would be E = 0.1 x 4660 =

466 volts wiiich exceeds the dynamic range possible with a +28 volt
supply and further this magnitude of voltage excceds the capability of
conventional transistors. For these rcasons, the gain must be divided
between a.c., and d. ¢, stages. .
In order to d.c. couple the detector ontput zienal to the d. ¢, amplificr,

he average carrier signal level (without respiration) must be suppressed
to zero volts. This can be accomplished uzing a summing nctwork
between the detector and a potentiometer which is encreized from o stablc
d.c. source. By adjusting the poteatiometer to a voltage level which is
as much positive as the detector is negative, the output of the summing
network is zero. This methed is usced in the design of the signal
conditioners.

With the required carricr signal z2in nccessary to produce the desired
output signal, any temperaturc iaduced circuit changes, hysteresis
resulting from movement of vital organs, variations in clectrode
contact, and 2 variety of other artifacts canses larpe output level shifts
to occur. This will necessitate robalancing the potentiometer used to
buck out the average detected carvier z2iznal. As an example, assume
that body movement causcd by hystercesis resulting in 2 one ohm change
in electrode impedance. The d. c. resulting signal would be:

e, = 1x0.286x 1077 x 116 = 33.2 x 10™° volts
a? the input to the d.c. amplifiers. The d.c.
amplifier has 2 pain of 10, therefore, the
resulting chance at the output of the d. .
amplifier would be:

E . 0.0332 x 10 = 1. 33 volts and rchalancing
ot “the bucking potentiormeter would be required
to reset the hascline,

The discussion outlined above illustrates the magnitude of the problem
of desipning a d. ¢, coupled preciumnograph signal conditioner. Howcever,
if the unit is periodically rezerocd, bascline respiration data can be

obtained which relates the output sipnal to the volume of air exchanged.
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In the a.c. mode of operation, the coupling capacitors charge to levels
determined by the magnitude of the detected carrier signal and block
the changes discussed abovc provided the signal changes are slow
compared to the system time constant.

The design, as shown on Schematic Diagram No. 102213, concists

of an oscillator, electrode driver, carrier amplifier, detector, d.c.
amplifier, negative 12 volt inverter, and a power line voltage regulator,
Six terminals which are exterior to the case permit the operator to
select cither a.c. or a d. ¢, mode of operation. The desired mode of
opecration can be obtained by properly jumping the terminals in
accordance with Table I, Drawing 102213, This signal conditioner was

designed to operate from a supply voltage which can vary between +25. 2
to +31 volts d. c.

Circuit Description

Each of the major parts of the pnecumograph signal conditioner furnished
under this program is described in the paragraphs that follow, A sct
of Operating Instructions, Spaceclabs No. 102329, accompanizd the two
units delivered and should be used for proper operation of the unit,

Oscillator

A 50 + 5 ke oscillator consists of Q15 and its associated components. An
LC type of oscillator was selected since it offered the best compromice

with respect to simplicity, frequency stability, and minimum harmonic
content in the output signal. This oscillator circuit is self-repulating,

Tests have shown that the amplitude of the output signal varies approxisiate-
1y 0.1 volt per volt change in supply voltage. Positive feedback is injected
at the emitter of Q15 and the large value of the emitter resistance, R69,
maintaing essentially unity gain cver the entire range of the operating
environment. This is evidenced by complete freedom from waveform
clipping under all conditions of opcration. The resistor capacitor network
which is connected to the collector of Q15 cstablishes the d. c. bias, operating

point, and the magnitude of the oscillator signal which is coupled to the
electrode driver circonit,

Elcctrode Driver

The pnecumograph clectrodes arc excited using a differential constant
current source. The source consgigts of X __, X , and the sccondary of
transformer T1., It was found necessary tgaeeﬁ:Qhe load reflected from
the primary of the electrode driver transformer T1 to R77 small enough
so that changcs in the electrode impedance are not reflected back as a
varijation in load to the oscillator. Transistors Q14 and Q25 are conneccted
in a Darlington arrangement to reducc the effect of electrode load on the
oscillators. Sincec the capacitive reactance of G5 and C6 at 50 ke is larac,
the clectrode current is essentially independent of the electrode impedance.

The voltage developed across the electrodes is differentially coupled to
transistors Q12 and O13,
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Carricr Amplifier

A diffcrential amplifier stage is used to reduce the effects of pickup

{60 cycle) on the clectrode leads and to maintain stray signal balance
with rospect to ground. The guiescent operating current of transistors
Q12 and Q13 is designed to be approximately 50 microamperes. This
value of quicscent current operating with 9 volts of basc bias requires
a largc value of emitter resistance. Larpe values of emitter resistances
provide adequate common-mode rcjection without requiring transistor
constant~current stages. The collector load impedance of 012 consists
of inductance L2 and capacitors C% and C10 {anti-rcsonance at 50 ke).
A tuned circuit is used as a collector load impedance to further reject
common~mode signals from thc output. This tuned circuit is shunted
by R48 and the reflected load of transistor ©11. This value of shunt
impedance reduces the operating circuit O so that less than 1 db of
amplitude change occurs over the operating frequency range of

50 + 5 ke. The single~ended output signal at the emitter of Q11 is
coupled through an additional amplifier stage, Q10, and then to the
detector transformer driver stage congisting of transistors ©6 and 09,
Another Darlington arrangement is used to reduce the reflected load

of the detector transformer to the collcctor load impedance of amplifier
Q10, This type of circuit configuration maintains adcquate gain stability
over the operating temperaturc range. The primary of the detector
transformer, T2, is a.c. coupled to the emitter follower driver stage,

Detector

The secondary of transformer, T2, (1:3 ratio) is connccted to a bridge
rectifier circuit which detects the peak amplitude of the carrier swnal
The modulated carricr is detected at the secondary of T2 by the use of

a full wave bridge rectifier. Capacitor C15 at the output of the bridge
rectifier is charged on each nepative peak of the carrier signal, The
time constant of the detector circnit is sufficiently short to follow the
highest respiration rate. Ficld effect transistor Q18 is used in the a.c.
mode of operation only as an impedance transfer stage. Q18 is

connected in a source follower configuration and its output is capacitively
coupled to the input to the d.c. amplificr. In the d.c. mode of opcration,
the output of the detector is summed with the voltage determincd by the
setting of potentiometer R78. R78 adjustced until the output of the summing
network is zero (in the absence of a respiration signal). The output of the
summing network is applied to the input of the d.c., amplifier.

D.C. Amplifier

The d.c, amplifier used in the design of this system has a gain of
approximatcly 40. This amplifier has 0.5% gain stability, bettcr than
% lincarity, and the output drift is less than + 50 mv over the operating

tcmpe_rature range. This amplifier is comprised of transistors Q1, Q2,
03, Q4, and Q5. '
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-12 volt Supply

The d.c. amplifier requires -12 volts d.c. for its operation. System
specifications require that the unit be capable of operating from a +28
volt supply. It was, therefore, necessary to provide a sclf-contained
inverter power supply. The inverter is conventional in design and
supplies approximately 34 volts peak-to-pcak at 4 kc at the secondary
of transformer T3. This sipnal is rectificd using a full-wave-bridge
rectifier. The output of the ractificr is filtered by capacitor C22,
The filtered output is then zener ~diode-regulated to -12 volts d.c.
Since the d. c. amplifier is relatively ingensitive to small changes in
the negative supply voltage, a simple zcner regulator can be used.

Power Regulator

It was necessary to provide 2 varicty of supply voltages to obtain
sufficient isolation between the various stages of the signal conditioner.
The power regulator consists of zener diode Z5, transistor Q16, zencr
diode Z 6, zener diode Z7, transistor Q17, zencr diode Z8, and zener
diode Z9.

Zener diode Z.5 together with transistor Q14 is a roughing regulator

which reduces the voltage change to the second stage recgulator when

the input voltage varies between +25 and +31 volts d.¢c. The output

of the roughing regulator supplics voltage to zener diode Z 6 (which
supplies +20 volts to the ~12 volt taverter) and also powers zener diode

Z7 and transistor Q17. This zencr diode-~transistor combination provides
a fairly well regulated source of + 15 volts for use in the carricr amplifier.
In addition, the 15 volt supply powers the d.c. balance potentiometer from
zener diode Z8 and is also rednced to +10 volts by Z9 for use in the d.c,
‘amplifier. This series of regulators in conjunction with the various

filter capacitors provides complete isolation between cach section of the
signal conditioner.

The pneumograph signal conditioner as shown on Schematic Diagram No.
102213, was designed to comply with the requirements of the performance
specification. The feature of operation ia cither an a.¢. or d.c., mode
provides the capability for long term monitoring of respiration rate under
the specified conditions of environmental temperature and in addition i
provides for short term experiments with an output gignal which is relai. .
to the volume of air exchanged. This instrument providcs the experi-

mentor with a unit which is unigue in the art of impcdance pneumography.

4, SUMMARY

Under a contract with NASA, Ames Rescarch Center, Spacelabs, Inc., carried
out a1 research and development program directed toward the design and fabrication
of an improved impedance pneumograph. The work grew out of some previous
independent rescarch, performed by Spacclabs, which examined the rclationship
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setween the impedance measurement and volumetric changes during breathing.

n the present program, a series of tests were conducted to provide information
carding the cffects of several factors {including electrode placement, clectrode

desinn and body movement) on the various components of the impedance change.

Thie information obtained during the siudy phase aided in the design of a new

irnnadance pneumograph signal conditioner. Prototype units were fabricated

2nd delivered to NASA, Ames Rescarch Center, for further test and evaluation.
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